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1. Overview of T cell epitope prediction algorithms

In the past 10 years, several computer-driven algorithms have been devised to take advantage
of the alphabetic representation of protein sequence information to search for T cell epitopes. These
algorithmssearch the amino acid sequence of agiven protein for characteristics believed to be common
to immunogenic peptides, locating regionsthat are likely to induce a cellular immune response in vitro.
Given the rapid expansion of sequence data on geographic subtypes (clades) of HIV and individual
HIV quasispecies, the application of these algorithms to HIV proteins may significantly reduce the
number of regionswhich would require in vitro testing for immunogenicity, directing research to more
promisingsegments of HIV proteinsand thuspotentiallyreducing thetime andeffortneeded to develop
HIV vaccines.

Computer-driven algorithms can identify regions of HIV proteins that contain epitopes and are
less variable among geographic isolates; alternatively, computer-driven algorithms can rapidly identify
regions of each geographic isolate's more variable proteins that should be included in a multi-clade
vaccine. Furthermore, computer-driven searches can be weighted to reflect selected HLA aleles that
aremostrepresentativeofgeographic - populations orsubgroups withinone geographic area. Computer-
driven searches can also be used as a preliminary tool to evaluate the evolution of immune response to
anindividual’ sown quasispecies. Thistext will review the development of computer algorithmsfor T
cell epitope prediction, with a particular focus on the novel algorithm EpiMer, and will describe new
directions for the application of computer algorithms such as EpiMer to HIV vaccine research.

A. Characteristics of T cell epitopes

Peptides presented in conjunction with class | MHC molecules are derived from foreign or self
protein antigens that have beensynthesized in thecytoplasm [1-3]. Peptides presented in the context of
class Il MHC molecules are usually derived from exogenous protein antigens [4-6]. Peptides binding
to class | molecules are generally shorter (8-10 amino acid residues) than those that bind to class ||
molecules (8 to greater than 20 residues). An interpretation of peptides positioned in the binding cleft
of class| and class Il MHC moleculesis shown in Figure 1.

Theidentification of T cell epitopeswithin protein antigens has traditionally been accomplished
using avariety of methods, including the use of whole and fragmented native or recombinant antigenic
protein, as well as the more commonly employed “overlapping peptide” method (Figure 2). The
|atter method for the identification of T cell epitopes within protein antigens involvesthe synthesis of
overlapping peptideswhich span theentire sequence ofa given proteinantigen. These peptides are then
tested for their capacity to stimulate T cell cytotoxic or proliferative responsesin vitro.

As one might imagine, implementation of the overlapping peptide method is both cost- and
labor-intensive. For example, to perform an assay using 15-amino acid-long peptides overlapping by 5
amino acids spanning a given antigen of length »n (a small subset of all possible 15-mers spanning the
protein), one would need to construct and assay (n/5) — 1 peptides. Y et, this method does not ensure
theidentification of all possible T cell epitopes, as potential sites can be “missed” between overlapping
fragments.

The first research groups to suggest that computer algorithms based on patterns of amino acids
might be used as atool for discovering T cell epitopes were DeLisi and Berzofsky [7] and Rothbard
and Taylor [8]. DelLisi and Berzofsky originally proposed the hypothesisthat T cell antigenic peptides
areamphi pathi cstructuresboundintheM HCgroove,withahydrophobicsi def acingtheMHCmolecule
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andahydrophilicsideinteractingwiththeTcellreceptor[9].  RothbardandTaylor’ salgorithmdescribes
asimilar periodicity for asmaller number of amino acid residues. The AMPHI agorithm, based on the
Delisi and Berzofsky observations and developed by Margalit et a.,[10] has been widely used for the
prediction of T cell antigenic sites from sequence information alone.

Algorithms such as AMPHI, which are based on the periodicity of T cell epitopes, have been re-
evaluated due to recent crystall ographic determination of MHC structures with bound peptides. These
peptidesweredemonstratedtobel yingextendedintheM HCgroove,innonal pha-heli cal conformations
[11,12]. An explanation of the predictive strength of AMPHI has been provided by Cornette et al.,[13]
based on periodicity analysis of atable of motifs compiled by Meister et al., [14]. Essentially, AMPHI
describes a common structural pattern of MHC-binding motifs, since the collection of MHC-binding
motifs published to date appear to exhibit the same periodicity as an alpha helix. More recently, the
rapid expansion of information on the nature of peptides that bind to MHC molecules has led to the
evolution of a new class of computer-driven algorithms for vaccine devel opment.

B. Algorithms based on MHC-binding motifs

MHC-bindingmotifsarepatterns ofaminoacidsthatappearto becommonto mostofthepeptides
that bind to a specific MHC molecule. For example, a motif for a given MHC molecule might require
thatalysine occuratpositionN+1(oneaminoaci dfromtheaminoterminus), andavalineinpositionN
+ 8, while any amino acid is permitted at any of the other positions. In theory, such motifs may explain
why MHC molecules are able to present many different peptides derived from different proteins, yet
MHC restriction canstill occur. The peptide motif-MHC specificity appearsto be dueto the interaction
of the amino acid side chains of certain conserved “anchor” residues (lysine and valine in the example
given above) with pockets in the MHC peptide binding cleft (as diagrammed in Figure 1).

Identification of T cell epitopes by locating MHC-binding motifs in the sequence of a given
protein has been shown to be effective when used to identify immunogenic epitopes for malaria [15]
and for Listeria monocytogenes, [16] however, the number of regions of any given protein that contain
single MHC motifsis usually much too large to be of any use for vaccine development. Furthermore,
MHC-binding motifs appear to be relatively imprecise: only about one-third of peptides containing one
of the current motifsthat is said to predict binding to agiven class| MHC allele have been shownto be
bound by that MHC molecule, and in some cases, epitopes that do not contain known MHC-binding
motifs have been described [17-19]. This may be due to missing information about the requirements
for peptide-MHC interactions, or to errors in the descriptions of MHC-binding motifsin the literature.
Inaddition,MHC-binding isnecessarybutnot sufficientfor apeptide to be antigenic; thepeptide-MHC
complex must still interact with the TCR of a neighboring cell, alowing the induction of a cellular
immune response (reviewed in [20]).

Since 1992, members of the TB/HIV laboratory at Brown University have been developing
a computer algorithm (EpiMer) that locates MHC-binding motifs in amino acid sequences of HIV
proteins. Inthe process of developing this algorithm, we demonstrated that MHC-binding motifs tend
to cluster within proteins [21]. Some of the clustering may be due to the similarity of certain MHC-
binding motifs to one another, however, dissimilar motifs are also found to cluster. These motif-dense
regions appear to correspond with peptides that may have the capacity to bind to a variety of MHC
molecules (promiscuous or multi-determinant binders) and to stimulate an immune response in these
various MHC contexts as well (promiscuous or multi-determinant epitopes).

EpiMer uses a library of MHC-binding motifs for class | and class Il HLA alleles to predict
antigenic sites within a protein that have the potential to induce an immune response in subjects with a
varietyofgeneticbackgrounds. EpiM erlocatesmatchestoeachM HC-bindingmotifwithintheprimary
sequenceof agiven protein antigen. Therelativedensity ofthese motifmatches isdetermined aong the
length of the antigen, resulting in the generation of a motif-density histogram. Finaly, the algorithm
identifies protein regions in this histogram with a motif match density above an algorithm-defined
cutoff density value, and produces a list of subsegquences representing these clustered, or motif-rich
regions (Figure 3). The regions selected by EpiMer may be more likely to act as multi-determinant
binding peptides than randomly chosen peptides from the same antigen, due to their concentration of
MHC-binding motif matches. An example of amulti-determinant epitope is shown in Figure 4.
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Figure 3. MHC-binding motif clustering for gp160 of strain BH 10 A histogram of the density of
MHC-binding motif matches along the sequence of the gp160 protein of HIV BH 10 is shown here,
toillustrate the EpiMer method of putative epitope identification. For this analysis, both class| and
Il MHC-binding motifs were used in our search. Peptides that include peaks of motif density, such
as the 10- to 25-mers including amino acids 19 to 34 (14 motifs), 36 to 54 (14 motifs), 84 to 95
(6 motifs), 115 to 127 (7 motifs) and 168 to 185 (22 motifs) shown in this example, are predicted
as putative T cell epitopes by the EpiMer algorithm. The EpiMer peptides are shown in bold, and
are dlightly shorter than the stated predictions because the midpoint of the amino terminal 11-mer
reading frame ofthe predicted peptideto themidpoint ofthe carboxy terminal 11-mer reading frame
are designated in this picture, rather than the full length of the predicted peptide.
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Figure 4. Multi-determinant peptide. An example of a multi-determinant peptide is shown. The
MHC-binding motifs for the predicted peptide are shown at the right. Note that HLA DRB1*0101
motif occurs six times, that five unique motifs can be identified, and that a total of 12 potential
MHC-binding regions are contained within this protein sequence.
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The MHC-binding motif library used by EpiMer for its searches is updated regularly from the
literature. Thislist can be tailored for a number of different types of searches. For example, one can
use the entire MHC-binding motif library to identify peptides that contain both MHC class | and class
I binding motifs; one can restrict the list of binding motifs used in the searchesto class | or class I,
and one can tailor the search to the set of MHC alleles of geographic subpopulation or even those of a
single individual.

The utility ofcomputer-algorithm driven predictions for in vitroand in vivo research wasrecently
demonstrated in an analysis of peptides predicted by the EpiMer algorithm from Mycobacterium tu-
berculosis (Mtb) protein sequences. Twenty-seven of 28 EpiMer peptides derived from Mtb proteins
stimulated immune responses (proliferation) in periphera blood cells from Mtb immune subjects [21].
There was a good correlation between the number of motifs per peptide and the number of responders
to the peptide in a population of Mtb-infected individuals (p < 0.001), and 40 percent of the variation
in the relationship between the motifs and the responses could be explained by the presence or ab-
sence of MHC-binding motifs [22]. Asonly about athird of peptides that are predicted using single
MHC-binding motifs are shown to bind and to stimulate immune responses, the relationship between
the EpiMer predictions and the number of responders to the peptides was much better than might have
been expected. We believe that the selection of regions that are MHC-binding motif-dense increases
the likelihood that the predicted peptide contains a“valid” motif, and furthermore, that the reiteration
of identical motifs may contribute to peptide binding [23].

Additional MHC-binding motif-based algorithms have been described by Parker et al. [24], and
Altuvia et d, [25]. In these algorithms, binding to a given MHC molecule is predicted by a linear
function of the residues at each position, based on empirically defined parameters, and in the case of
Altuviaet a., known crystallographic structures are also taken into consideration [25,26]. DeL.isi et a.
have proposed an aternative method of determining MHC-binding peptides, based on the free energy
relationshipsof each amino acid in the predicted peptide, and using thisinformation to analyze whether
the tertiary structure of the peptide conforms to a predetermined MHC-binding peptide configuration
[27,28]. Brusic and colleagues are using artificial neural networks to determine the “rules’ for binding
to MHC molecules from the complete list of binding peptides that have been published for each of
the human HLA alleles[29]. Hammer et al. [30] describe a technique known as “ peptide side chain
scanning”, which they used to predict binding peptides for the MHC allele DRB1*0401. Thisallowed
the construction of a matrix of al possible amino acid side chain effects for a single MHC-binding
motif, whichwaslater convertedinto an algorithm able to run through aprotein’ sprimary structure and
predict, within reasonable error, the binding capacities of all possible peptides of a fixed length to a
singleMHCmolecule. Noneofthesealgorithms, withtheexceptionof EpiMer,havebeentested invivo.
Should any of these computer-driven variations on “motif matching” proveto be accurate predictors of
peptides that bind to individual MHC alleles, they may be easily incorporated as subprograms into the
motif-library portion of EpiMer, and might improve the algorithm’ s overall predictive capacity.

Most of the computer-driven algorithms described in this text depend on published information
on MHC-binding motifs, or on knowledge of the crystallographic structure of peptides within MHC
binding grooves. One methodological concern when designing a multiple binding motif-based predic-
tivealgorithm istheaccuracy of the MHC-bindingmotifs used to predictputativeepitopes, andthus the
overall validity of the motif database. Previously reported motifs are often redefined in the literature,
afterpeptidetruncati onandal ani nesubstitutionexperimentsareperformed;  likewise,newemphasishas
been placed on the role of protein processing and on the identification of specific amino acid residues
at non-anchor sites, which interfere with the relative capacities of peptides to bind to the MHC cleft
[31,32]. In addition, several MHC-binding motif databases have been constructed. Rammensee et
a. [33] have published a motif database, aided by the alignment of actual MHC-binding peptides and
known T cell epitopes. A new prediction algorithm based on the Rammensee motifs has been devel-
oped in the TB/HIV Research Laboratory (Bill M. Jesdale and Gabriel E. Meister, unpublished data).
Brusicet al. [34]have takenthis MHC motiflibrary concept furtherby providing an Internet-accessible
database of binding motifs and peptides known to bind with affinity to MHC molecules.

An important consideration when comparing the different computer-driven models described
aboveis that these methods for epitope prediction are not mutually exclusive. As the contributions of
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sidechainsandtertiarypeptide structureto peptide-MHCbindingarebetterquantified, thedevelopment
of acomputer algorithm that predicts T cell epitopes based on a matrix of side chain information such
as the matrix described by Hammer[35] will only be a matter of time. The identification of novel
structuralfeatureswhichareableto  independentlypredictpeptide bindingorimmunogenicity, andtheir
subseguent synthesis into a combined algorithm with statistically verifiable predictive capacity, may
alowadramaticreductioninthe timeandeffortrequired tosynthesizeandtestpotential Tcellantigenic
sitesforHIV proteins, byallowingthepredictionof siteswithahi ghconcentrati onof antigeni cfeatures.

2. Applicationsof T cell epitope algorithmsto HIV research

A. Searching for T cell epitopes

Identification of T cell epitopes that stimulate cell-mediated immunity is essential to the de-
velopment of an HIV vaccine. The identification of HIV peptide epitopes that contain clusters of
MHC-binding motifs representing multiple HLA alelesfrom HIV protein sequences may be useful for
HIV vaccine development.

There appear to be more stringent binding criteriafor class |-restricted binding peptides, and few
multi-determinantclass |epitopeshavebeenidentified forany pathogen. However, several HIV protein
regions that contain multiple overlapping class-I1 restricted epitopes, also known as “promiscuous’ or
multi-determinant peptides, have been identified in mice andhumans. Such regionsmight beimportant
toincludein thesynthesis of multiple antigenic peptides (MAPS) for HIV vaccine development, partic-
ularly ifa multi-determinant Tcell epitopeisrequired forboosting immune responseto B cell epitopes.

The EpiMer algorithm isreadily applied to HIV protein sequences. The efficiency and sensitivity
of the EpiMer agorithm for detecting published T cell epitopes was recently compared to that of
the overlapping method, for the HIV proteins, gpl60, nef, tat, and gag (Roberts et al., manuscript
submitted [36]). The EpiMer algorithm predicted putative T cell epitopes from protein sequences for
HIV-1nef, gp160, gag p55, andtat that required fewerpeptides and thereforefewer amino acidresidues
to be synthesized than either AMPHI-predicted peptides or overlapping peptides. For the four HIV-1
proteins, EpiMer predicted 43 peptide epitopes, AMPHI predicted 68 peptides , and the overlapping
peptide method (20 amino acid long peptides overlapping by 10 amino acids) would have required 161
peptides. When the number of published epitopes that correlated with predictions was evaluated in
terms of the number of amino acids synthesized using each method of prediction (SAA), the EpiMer
methodof predictionwas2.4fol dbetterthantheoverlappingmethod.  Asummaryofthesecomparisons
isshownin Table 1.

Tablel Efficiency and sensitivityof the Overlapping method, compared toEpiMer, for theHIV
proteins nef, gag, gp160, and tat.

Method Overlapping EpiMer
Per cent efficiency 60% 62%
Range 43%-100% 61%—-64%
Per cent sensitivity 100% 59%
Range 100%—-100% 22%-86%
Averagesensitivity per amino acid 2.7 4.9
Range 0.6-6.4 1381
Average A sensitivity per AA (ref) 24

Efficiency, = (total length, in amino acid residues, of the peptidesthat overlap by at least eight or eleven
amino acid residues with Class | or Class Il published epitopes, respectively)/(total length, in amino
acidresidues, ofall putativeepitopes identified bythe algorithm in question). Sensitivity, S,(number of
publishedepitopesthatwerepredi ctedbytheal gorithminguestion)/(total  numberof publishedepitopes
for the protein). Sensitivity per amino acid (SAA), = 1000 x x (Sensitivity)/(total length, in amino
acids, of peptidesto be synthesized). A Sensitivity/AA, (ASAA) = (Sensitivity per amino acid residue
for a given method)/(Sensitivity per amino acid residue of the overlapping peptide method).
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A complete list of the MHC-binding motifs contained within the most widely used |aboratory
strains of HIV-1 proteins, based on the MHC-binding motif list compiled by the TB/HIV Research
Laboratory, is being developed for their Web Site (http://www.brown.edu/Research/TB-HIV-Lab/); a
partial list for amino acids 628 to 678 of the HIV-1 BH 10 protein gpl60 is shown in Table2. As
demonstrated, regions of HIV proteins that contain as many as 20 to 30 MHC-binding motifs can be
identifiedusingEpiMer. Suchregionsshouldbegoodcandidatesforinclusion  inasubunitHIVvaccine.

Applicationof MHC-bindingmotifsto HIVvaccinedevelopment mayberestrictedbytheamount
of sequence variationin individual quasispecies, HIV strains, and HIV clades, aswell as by the MHC
background of the target populations. One might consider evaluating regions of MHC clustering that
occur in sites of low HIV sequence variability, as shownin Figure 5. The region 130 to 160, which has
agreat deal of inter-strain variation described by the variability plot, might best be avoided for subunit
HIV vaccine development. HIV peptide epitopes which contain multiple MHC-binding motifs, either
conserved across HIV strains or derived from several different HIV strains, may be ideal candidates for
inclusion in amultisubunit vaccine.

An alternativeto searching for conserved regions of HIV proteins would be to identify regions of
the sequences that predominate in the clades that are most likely to be presented in the context of the
MHC molecules of the geographic subpopulations of interest. If MHC-binding motif-based peptides
are to be used in subunit vaccines, the best strategy may be to custom design the peptides, using the
sequences of the HIV clades that are prevalent in that populations and the set of MHC alleles that are
alsoprevalent in that population. Wehave proposed one method ofweighting predicted peptides by the
prevalence of MHC-binding motifs [37]; the DelLisi laboratory has proposed yet another method [28].

B. Evaluating the effect of immune response on the evolution of HIV

An additional application of EpiMer might be to evaluate the effect of pressure from the immune
system of the individual on the HIV quasispecies of that individual. Ongoing research has suggested
that rapid progression might be related to the capability of the virusto avoid immune detection through
variation at the MHC-binding anchorsof agivenT cellepitope, orthrough variation atthe TCR binding
site. Todate, several laboratories have described in vitro evidence for escape mutations in the epitope
of a given individua [38,39]. We have examined the evolution of class | MHC-binding peptides in
HIV-1 quasispecies in the contexts of clinically quiescent HIV-1 infection and rapid progression to
advanced disease, by implementing EpiMer to predict MHC-binding peptides from primary protein
sequences [40]. Using each patient’s own MHC allele subset to tailor the EpiMer searches, regions
of the patient’s own quasispecies can be searched for putative MHC-binding peptides. This search
can be repeated for quasispecies isolated from the patient at each of several timepoints, and analyzed
for patterns of MHC-binding motif escape, or replacement by an aternate binding region. This novel
approach identifies regions of HIV quasispecies that should be the focus of binding assays and epitope
mapping which may improve our comprehension of host immune response to HIV.

Summary

Identification of T cellepitopes that stimulate cell-mediated immunity isessential to HIV vaccine
development. Computer driven algorithms for T cell epitope prediction appear to provide rapid and
relatively inexpensive means of T cell identification for in vitro investigations. The EpiMer algorithm,
described in thistext and in more detail in reference [14], identifies peptide epitopes from HIV proteins
by identifying clustering of MHC-binding motifs within the protein sequences. Peptide epitopes con-
tai ningmulti pleM H C-bindingmotifsmaybei mmunogeni cinindividual sfromavari ety of geneti chack-
grounds. Identification ofsuchclustersmay improvetheimmunogenicityofagivenpeptide, andpermit
the development of a subunit vaccine that can induce immunity to multiple strains and clades of HIV.

Identification of T cell epitopes within the sequences from quasi species of HIV-infectedindivid-
uals may also permit the investigations of the evolution of HIV in response to host immune pressure.
While the relationship between MHC-binding motifs and immunogenicity is less than absolute, the
utilization of computer driven algorithms such as EpiMer may permit the identification of regions of
increased interest for in vitro confirmation of HIV evolution within an individual or within a given
geographic subpopulation.
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Amino Acids Amino Acid Sequence Motif Match
*628 - 647 WMEWDREINNYTSLIHSLIE
629 - 638 MEWDREINNY HLA-B*44
629 - 638 MEWDREINNY HLA-DPw4
629 - 638 MEWDREINNY HLA-DRB1*0301
629 - 638 MEWDREINNY HLA-DRB1*0801
630 - 638 EWDREINNY HLA-A1
631 - 639 WDREINNYT HLA-DRB1*0401(DR4Dw4)
633 - 641 REINNYTSL HLA-B*40012
633 - 641 REINNYTSL HLA-B40
633 - 641 REINNYTSL HLA-B44
633 - M  REINNYTSL HLA-Cw*0301
635 - 644 INNYTSLIHS HLA-DRB1*1501
637 - 645 NYTSLIHSL HLA-A24
637 - 645 NYTSLIHSL HLA-Cw*0401
637 - 645 NYTSLIHSL HLA-Cw* 0602
637 - 645 NYTSLIHSL HLA-Cw*0702
637 - 645 NYTSLIHSL HLA-DQ3.1
638 - 646 YTSLIHSLI HLA-DQ3.1
*678 - 712 WLWYIKLFIMIVGGLVGLRIVFAVLSVVNRVRQGY
679 - 687 LWYIKLFIM HLA-DR1
679 - 688 LWYIKLFIMI HLA-DPw4
679 - 688 LWYIKLFIMI HLA-DRB1*0801
679 - 688 LWYIKLFIMI HLA-DRB1*1501
680 - 688 WYIKLFIMI HLA-A24
680 - 688 WYIKLFIMI HLA-Cw*0301
680 - 688 WYIKLFIMI HLA-DPA1*0102/DPB1* 0201
681 - 689 YIKLFIMIV HLA-Cw*0602
681 - 689 YIKLFIMIV HLA-DPA1*0102/DPB1*0201
681 - 689 YIKLFIMIV HLA-DR1
681 - 689 YIKLFIMIV HLA-DRB1*0401(DR4Dw4)
682 - 690 IKLFIMIVG HLA-DQ7
682 - 690 IKLFIMIVG HLA-DRB1*0401(DR4Dw4)
682 - 691 IKLFIMIVGG HLA-DRB1*1501
684 - 692 LFIMIVGGL HLA-Cw*0401
684 - 692 LFIMIVGGL HLA-Cw*0602
684 - 692 LFIMIVGGL HLA-DR1
685 - 693 FIMIVGGLV HLA-DRB1*0101
686 - 695 IMIVGGLVGL HLA-DPw4
686 - 695 IMIVGGLVGL HLA-DRB1*1501
687 - 695 MIVGGLVGL HLA-A*0205
687 - 695 MIVGGLVGL HLA-DR1
688 - 696 IVGGLVGLR HLA-A*3302
688 - 696 IVGGLVGLR HLA-DQ3.1
688 - 697 IVGGLVGLRI HLA-AG8
689 - 697 VGGLVGLRI HLA-B*5101
689 - 697 VGGLVGLRI HLA-B*5102
689 - 697 VGGLVGLRI HLA-B*5103
689 - 697 VGGLVGLRI HLA-DQ3.1
689 - 697 VGGLVGLRI HLA-DQ7
689 - 697 VGGLVGLRI HLA-DRB1*0101
689 - 698 VGGLVGLRIV HLA-DPw4
690 - 698 GGLVGLRIV HLA-B*5102
690 - 698 GGLVGLRIV HLA-B*5103
691 - 699 GLVGLRIVF HLA-A3
691 - 699 GLVGLRIVF HLA-B*1501
692 - 700 LVGLRIVFA HLA-DR1
692 - 700 LVGLRIVFA HLA-DRB1*0401(DR4Dw4)
692 - 701 LVGLRIVFAV HLA-DPw4
692 - 701 LVGLRIVFAV HLA-DRB1*0801
693 - 700 VGLRIVFA HLA-B*7801
693 - 701 VGLRIVFAV HLA-B*5102
693 - 701 VGLRIVFAV HLA-B*5103
1V-25
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Table 2. Amino acid sequences

of the EpiMer-predicted epitopes
for the amino acid residues 628 to
678 of the gpl60 protein are listed
(in boldface), as are the individual
MHC-binding motif matches found
within each peptide. These two
predicted epitopes overlap with
published epitopes for this same
HIV-1 strain.
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Figure 5. gpl60 (variability plot) The mean variability of the 11-residue segments of known gp160
sequences (Los Alamos HIV Sequence Database) are shown aswell. Variability = (number of different
amino acids at a given position)/(frequency of the most common amino acid at that position).
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